No reports testing the efficacy of the use of the QT/RR ratio <1/2 for detecting a normal QTc interval were found in the literature. The objective of the present study was to determine if a QT/RR ratio ≤1/2 can be considered to be equal to the normal QTc and to compare the QT and QTc measured and calculated clinically and by a computerized electrocardiograph. Ratios (140 QT/RR) of 28 successive electrocardiograms obtained from 28 consecutive patients in a tertiary level teaching hospital were analyzed clinically by 5 independent observers and by a computerized electrocardiograph. The QT/RR ratio provided 56% sensitivity and 78% specificity, with an area under the receiver operator characteristic curve of 75.8% (95%CI: 0.68 to 0.84). The divergence in QT and QTc interval measurements between clinical and computerized evaluation were 0.01 ± 0.03 s (95%CI: 0.04-0.02) and 0.01 ± 0.04 s (95%CI: -0.05-0.03), respectively. The QT and QTc values measured clinically and by a computerized electrocardiograph were similar. The QT/RR ratio ≤1/2 was not a satisfactory index for QTc evaluation because it could not predict a normal QTc value.
Introduction
The ventricular electric systole, QT interval, is an important parameter because a series of physiological and pathological situations may be related to its prolongation. Examples of these conditions are vagotonia, sleeping, advanced age, myocardial ischemia, post-arrhythmia, resuscitation after heart arrest, central nervous system diseases, use of anti-arrhythmic drugs, electrolytic changes, congenital long QT syndrome, and use of psychotropic drugs (1) (2) (3) (4) . Some include predisposition to severe and even lethal ventricular arrhythmia (5) . Defining higher limits for the QT interval is a difficult task, for which several tables and values are available (6, 7) . Furthermore, superposition of normal and prolonged values may occur in families with congenital long QT syndrome; thus, even people with "normal" QTc may suffer severe ventricular arrhythmia (8, 9) . Other electrocardiogram (ECG) peculiarities, such as ST-T alterations, also contribute to the identification of people affected with this syndrome (8) .
In cases of left or right bundle branch block, QTc prolongation is a result of QRS increase and not of a prolongation of ventricular repolarization time (10) . It should be emphasized that 2.5% of normal men and women may have QTc values exceeding 440 and 460 ms, respectively (11) .
At ECG meetings, reference is usually made to a simplified rule to determine whether QTc is normal or prolonged. According to this approach, if the measured QT interval is equal to or smaller than half of the corresponding R-R interval, the QTc is considered to be normal. This means that an increased QTc could be excluded without using the Bazett rule. No reports testing the efficacy of the use of the QT/RR ratio <1/2 for detecting a normal QTc interval were found in the literature. The objective of the present study was to determine if the QT/RR ≤1/2 ratio indicates a normal QT interval and if the QT and QTc values measured by 5 observers and those measured by a computerized electrocardiograph are equivalent.
Material and Methods
Twenty-eight successive ECGs obtained from 28 consecutive patients were selected for analysis in a tertiary level teaching hospital. The QT and QTc intervals of five complexes with clear limits were measured and calculated using standard rulers or a divider compass and compared with those determined with a Pagewriter 200i Hewlett-Packard (Palo Alto, CA, USA) computerized electrocardiograph software. The measurements were made from the D2 lead with the QT and the QTc measured and calculated by the Bazett formula in five successive QRS complexes; the arithmetic mean was then obtained. QTc intervals of 409 ± 14 ms for adult men and 421 ± 18 ms for adult women were considered to be normal values according to Merri et al. (11) . In addition, the same measurements were made in a separate subsample of 22 patients with sinus bradycardia.
Exclusion criteria were ECGs with heart rate (HR) below 40 and above 120 bpm, atrial fibrillation/flutter, AV or bundle branch block, ectopic beats, sinus arrhythmia, artificial pacemaker, junctional or ventricular rhythms, and ECGs from patients younger than 14 years.
Statistical analysis
Sensitivity, specificity and area under the receiver operator characteristic curve (ROC) values were determined (12) for the QT/RR ≤1/2 ratio, taking the above measurements of QT as normal values (11) . The equivalence of the observations was evaluated by the Bland and Altman (13) technique for comparison of quantitative methods.
Results and Discussion
In the whole range of HR (all records) a QT/RR ratio ≤1/2 as evidence of normal QTc revealed 78% specificity and 56% sensitivity to detect normal QTc interval duration. The ROC showed an area under the curve of 75.8 ± 4.08% (95%CI: 0.68-0.84).
With an HR between 60 and 100 bpm the ratio showed 81% specificity and 57% sensitivity, with an area under the ROC of 76.8 ± 4.2% (95%CI: 0.69-0.85; Figures 1 and 2 ).
In the subgroup with HR below 60 bpm, a QT/RR ratio ≤1/2 showed 3.1% sensitivity and 97% specificity, a zero positive predictive value and a 67% negative predictive value.
The QT and QTc differences between the average measurements made by the 5 observers and by the computerized electrocardiograph in 124 tracing records were 0.01 ± 0.03 s (95%CI: 0.04-0.02) and 0.01 ± 0.04 s (95%CI: -0.05-0.03), respectively.
QTc is an increasingly important parameter for ECG evaluation. The practical evaluation of the QTc interval represented by a QT/RR ratio ≤1/2 was not effective even with different cut-off points throughout the ROC. Together, sensitivity and specificity did not reach values above 75% and the area under the ROC was 75.8% in all tracing records and 76.8% in records with 60 to 100 bpm. Tracing records with HR below 60 bpm fared even worse, with sensitivity, specificity and the area under the ROC showing inadequate values.
The QTc values measured by the observers and by the electrocardiograph used in the study showed minimal negative differences of 2 to 4%. We do not deem such differences to be of sufficient clinical relevance to transform a normal interval into an abnormal one.
At present, in clinical practice the QTc interval must be calculated by Bazzet's rule. A QT/RR ratio ≤1/2 did not show a satisfactory performance as an index of normal QTc .
The QT and QTc values measured clinically and by the computerized electrocardiograph were similar.
